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The title compound, [Yb(C 5 HF 6 0 2 ) 2 (C 2 oH 14 N 4 )(H 2 0)]Cl- 
CH 3 OHH 2 0, adopts an eight-coordinated geometry around 
the Yb m atom consisting of a 4'-(4-pyridyl)-2,2':6',2"-terpyr- 
idine (pytpy) ligand, two 1,1,1,5,5,5-hexafiuoroacetylacetonate 
(hfac) anions and an aqua ligand. In the solid state, the 
compound forms supramolecular chains running along the b- 
axis via intermolecular hydrogen bonds between the Yb— 
OH 2 unit and the N-atom donor of the 4-pyridyl pendant of 
pytpy, with an O- ■ -N distance of 2.686 (4) A. A chloride 
counter-anion and lattice methanol and water solvent mol- 
ecules occupy a hydrophilic columnar space along the 
coordination chains. O— H- ■ CI hydrogen bonds occur. The 
two water molecules and the four trifluoromethyl groups are 
disordered over two sets of sites, each with different 
occupancy ratios. 

Related literature 

For general background to pytpy, see: Constable & Thompson 
(1992, 1994). For pytpy complexes, see: Sun et al. (2000); Sun 
& Lees (2001). For related Yb complexes, see: Fukuda et al. 
(2002); Hayashi et al. (1998); Przychodzen et al. (2007); 
Stojanovic et al. (2010); Li et al. (2007); Xu et al. (2009); 
Ahrens et al. (2002); Zhang et al. (2007a). For potential 
applications of compounds with infinite one-dimensional to 
three-dimensional structures, see: Hayami et al. (2004); Hou et 
al. (2005); Feng et al. (2006); Beves et al. (2007a); Zhang et al. 
(2007ft); Gou et al. (2008); Leong & Vittal (2011); Moulton & 
Zaworotko (2001). For the binding mode of pytpy involving 
hydrogen-bonding, see: Beves et al. (20076, 2008). 




cr, ch 3 oh. h 2 o 



Experimental 

Crystal data 

[Yb(C 5 HF 6 O 2 ) 2 (C 20 H 14 N 4 )- 

(H 2 0)]C1CH 4 0H 2 0 
M r = 1001.03 
Triclinic, PI 
a = 9.7559 (6) A 
b = 12.4035 (7) A 
c = 16.5543 (10) A 
a = 98.870 (1)° 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
T min = 0.53, r max = 0.68 

Refinement 

R[F 2 > 2a(F 2 )] = 0.036 

wR(F 2 ) = 0.081 

5 = 1.08 

9671 reflections 

587 parameters 

34 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



ft = 104.717 (1)° 
y = 93.559 (1)° 
V = 1903.5 (2) A 3 
Z = 2 

Mo Ka radiation 
/x = 2.63 mm -1 
T = 223 K 

0.46 x 0.33 x 0.16 mm 



13523 measured reflections 
9671 independent reflections 
8205 reflections with I > 2a(l) 
R,„, = 0.021 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/tw = 1.02 e A~ 3 

A/Cw, = -0.88 e A~ 3 
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0.75 (4) 


2.31 (4) 


3.054 (3) 


175 (5) 


06 


-H6- ■ 


Clf 


0.83 


2.27 


3.102 (3) 


177 


OS 


-USA- 


■ -N4" 


0.78 (4) 


1.92 (4) 


2.686 (4) 


167 (5) 



Symmetry codes: (i) x + 1, y, z; (ii) X, y + 1, z. 

Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: Crys- 
talMaker (CrystalMaker, 2010); software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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Aquabis(l,l?l?5,5,5-hexafluoroacetylacetonato)[4'-(4-pyridyl)-2,2':6',2"- 
terpyridine]ytterbium(III) chloride methanol monosolvate monohydrate 

T. Okawara, J. Feng, M. Abe and Y. Hisaeda 
Comment 

The molecular design of multidentate ligands is crucial to determining structures and functions of the resulting coordina- 
tion compounds and metallo-supramolecular systems. Specifically, a tetradentate ligand 4'-(4-pyridyl)-2,2':6',2"-terpyridine 
(pytpy) provides a unique structural feature as a bridging ligand where two different coordination donors, the tridentate 
terpyridyl and monodentate pyridyl moieties, are both associated with metal coordination. Herein we report an unusual 
bridging mode of pytpy in a one-dimensional metallo-supramolecular system as exemplified with an X-ray crystal structure 
of compound (I), where the monodentate pyridyl arm in pytpy is now bound to the neighboring molecule via intermolecular 
hydrogen bonding to form a one-dimensional supramolecular chain. Compound (I) consists of a monocationic complex 

[Yb ln (pytpy)(hfac) 2 (H 2 0)], a CI" anion, and lattice solvents, CH3OH and H 2 0. The Yb IH center is surrounded by three N 
donors from pytpy and five O donors from two hfac chelates and one aqua ligand completing the 8-coordinate geometry as 

shown in Figure 1 . Among structurally determined Yb 111 complexes containing a single terpyridine ligand, the coordination 
number 8 is rather unusual and 9- and 10-coordination is more commonly observed (Hayashi et ai, 1998; Ahrens et ah, 
2002; Fukuda et ah, 2002; Przychodzen et ah, 2007; Li etah, 2007; Xu et ah, 2009; Stojanovic et ah, 2010). The 8-coordin- 

ation around lanthanide(III) ions are seen, for example, in [Ln m (Trop)4]~ [Trop = tropolonene (2-hydroxycyclohepta-2,4,6- 
trienone)] (Zhang et ah, 2007a). In compound (I), the Yb — N(pytpy) lengths vary from 2.434 (3) to 2.464 (3) A and the 
Yb— O(hfac) lengths from 2.262 (3) to 2.334 (3) A; these values compare well with those observed in complexes containing 

the [Yb HI (tpy)(hfac) 3 ] entity (Li et ah, 2007; Xu et ah, 2009). There is a hydrogen-bonding interaction with the chloride 

anion with an 05-C11 1 (symmetry code: (i) 1 + x, y, z) distance of3.054 (3) A and an 06-C11 distance of 3.102 (3) A. An 
additional hydrogen-bonding interaction is seen between the N atom of the dangling pyridyl group and the aqua ligand in 

the neighboring molecule with an 05---N4 11 (symmetry code: (ii) x, 1 +y, z) distance of 2.686 (4) A to form one-dimensional 
supramolecular chains of [Yb(pytpy)(hfac) 2 (H 2 0)] + units running along the Z>-axis. Similar hydrogen bonded one-dimen- 
sional networks including pytpy moieties have been also reported (Beves et ah, 2QQlb; Beves et ah, 2008). 

Experimental 

An ethanol solution (50 ml) of pytpy (600 mg, 1.94 mmol) Hhfac (1.21 g, 5.92 mmol), and YbCl 3 -6H 2 0 (760 mg, 1.94 
mmol) was stirred for 30 min at room temperature. After evaporation, the residue was recrystallized from CH30H/water 
to give (I) as colorless crystals. Elemental analysis of the compound that was dried by vacuum pumping overnight at room 
temperature reveals the loss of the solvent molecules of crystallization (H 2 0 and CH3OH). Transparent needle-shaped 
single crystals of compound (I) suitable for X-ray diffraction analysis were obtained by slow evaporation of a CF^OH/wa- 
ter (95:5, v/v) solution in a few days. Yield: 637 mg, 0.67 mmol (35%). Analysis: calculated for C3oHigClFi 2 N405Yb 
([Yb(pytpy)(hfac) 2 (H 2 0)]Cl): C 37.89, H 1.91, N 5.89%; found: C 37.60, H 1.96, N 5.92%. IR (KBr pellet): 1603, 1664, 
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3031, 3410 cm" 1 . UV-vis (CH3OH) Imax/nm (e/AT^m" 1 ): 241 (41,300), 285 (34,300). ESI-TOF-MS (CH3OH): mlz 898.39 
(calcd: 898.04 for [M-2H 2 0-CH 3 OH-Cr] + ). 

Refinement 

H atoms except those of water were placed in geometrically idealized positions and constrained to ride on their parent atoms 
with U iso (H) = 1.2(7 eq (C — H) or 1.5{7 e q(0 — H). 

The lattice water shows positional disorder which is modeled as two oxygen atoms, 07A and 07B, with site occupancies 

of 0.58 and 0.42, respectively. The 07A — 07A 111 (symmetry codes: (hi) \ -x,2-y,\-z) distance was restrained to 2.56 (1) 
A using the DFIX command of the program SHELXTL (Sheldrick, 2008) because of a strong correlation between positional 
parameters of the two components of the disorder. 

H atoms attached to 05 (H5A and H5B) and lattice water (H7A, H7B, H7C, and H7D) were found in a difference Fourier 
map. The O — H and H — H distances within the water molecules were restrained to 0.83 (7) A) and 1.35 (8) A , respectively, 
by using the DFIX command for a stable refinement. Hydrogen atoms on the lattice water were not included in the structure 
factor calculation. 

Four trifluoromethyl groups were found to show disorder. The geometries of the trifluoromethyl groups were constrained 
by using the SAME command. Anisotropic displacement parameters of the pairs of overlapping disordered atoms of the 
major and minor components of the disorder were made equal using the EADP constraints. The final occupancies of the 
disordered CF 3 groups were found to be 0.81:0.19, 0.76:0.24, 0.90:0.10, and 0.86:0.14 for (C21A, F1A, F2A, F3A)/(C21B, 
FIB, F2B, F3B), (C25A, F4A, F5A, F6A)/(C25B, F4B, F5B, F6B), (C26A, F7A, F8A, F9A)/(C26B, F7B, F8B, F9B), and 
(C30A, F10A, F11A, F12A)/(C30B, F10B, F11B, F12B), respectively. 



Figures 




Fig. 1. An ORTEP view of the title compound, with the atom-labelling scheme. Displacement 
ellipsoids are drawn at the 50% probability level. The minor component of the disordered CF3 
groups and lattice water are omitted for clarity. 



aquabis(1,1,1,5,5,5-hexafluoroacetylacetonato)[4'-(4-pyridyl)-2,2 l :6',2"- terpyridine]ytterbium(lll) chloride 
methanol monosolvate monohydrate 

Crystal data 

[Yb(C5HF 6 O2)2(C20Hi4N4)(H 2 O)]Cl-CH4OH2O Z = 2 

M r = 1001.03 ^(000) = 978 
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Triclinic, PI D x = 1 .747 Mg nT 3 

a = 9.7559 (6) A Mo radiation, X = 0.71073 A 

b = 12.4035 (7) A Cell parameters from 4823 reflections 

c= 16.5543 (10) A 9 = 2.6-28.9° 

a = 98.870 (1)° H = 2.63 mm" 1 

(3=104.717(1)° 7=223 K 

y = 93.559 (1)° Prism, colourless 

V= 1903.5 (2) A 3 0.46 x 0.33 x 0.16 mm 



Data collection 



Bruker SMART APEX CCD 
diffractometer 

Radiation source: fine focus sealed tube 
graphite 

Detector resolution: 8.3333 pixels mm" 1 
phi and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
^min = 0.53, T max = 0.68 
13523 measured reflections 



9671 independent reflections 

8205 reflections with / > 2c(I) 
i? int = 0.021 

9max = 28.7°, 0 m i n = 1 .7° 

A = -13— »13 
Jt = -13— »16 
/ = -22^20 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.036 

wR(F 2 ) = 0.081 

S= 1.08 

9671 reflections 
587 parameters 
34 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F Q 2 ) + (0.030P) 2 + UP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap max =1.02eA" 3 
Ap m in = -0.88eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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ik n s a\ 
11 j.y (4) 


r^Ti r^T^i nc a 
C23 — C24 — C25A 


inn //lA 
1 1 / .(J (4) 


U4 — C2 / — C25 


1 T7 /I SA \ 
ill A (4) 


U4 — C2 / — C2or5 


1Z/.(Z) 


C25 — C2 / — C20J3 


1 n/i 

lUo.(Z) 


U4 — C2 / — C2oA 


111/1 //i\ 
1 1Z.4 (4) 


P^O p^y: A 

C26 — C2 / — C2oA 


1 in i //i \ 
1ZU.Z (4) 


f~*lH no nn 
C2 / — C2S — C2y 


1 11 1 (A \ 

1 11. 1 (4) 


ni no mo 
C2 / — C25 — H25 


lion 

iio.y 


nn no mo 
C2y — C25 — H25 


1 1 o n 

iio.y 


/^i nn no 
U3 — C2y — C25 


1 n n //i \ 
1Z/.U (4) 


/^i nn /^mA 
U3 — C2y — C30A 


1 1 r a /c\ 

115.7 (5) 


no nn r^m a 
C2S — C2y — C30A 


i n 1 //i\ 
1 1 / .Z <4) 


/^i nn nnD 
(J3 — C2y — C30B 


111 0 /1 1 \ 

lll.o (11) 


C26 — C2y — C30B 


iin *7 n i \ 

iiy. / (11) 


Uo — C31 — H31A 


1 nn c 


Uo — C3 1 — Hi lis 


1 AO C 


H3 1 A — C3 1 — H3 IB 


1 nn c 

iuy.!> 


Uo — C31 — H31C 


1 nn c 


Hi 1 A — C3 1 — Hi 1C 


1 nn c 


Hi 1 B — C3 1 — H3 1 C 


1 nn c 


CI — JN 1 — C5 


in 

1 1 /.3 (3) 


CI — JN 1 — Ybl 


111 £ /"3 \ 

1ZZ.0 (3) 


CD — JN 1 — Ybl 


1 in n /i\ 
1ZU.U (Z) 


Co — JN 2 — C 1 0 


1 1 O O 

1 15.5 (3) 


Co — JN2 — Ybl 


nnc /i\ 
lly.j (Z) 


pin MO \71~ 1 

C10 — JN2 — Ybl 


1 in a p>\ 

120.0 (2) 


CI 5— N3— Cll 


116.8 (3) 


CI 5— N3— Ybl 


123.7 (2) 


Cll— N3— Ybl 


119.5 (2) 


CI 6— N4— C20 


117.4 (3) 


C22— Ol— Ybl 


136.0 (3) 
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pc p a f ' ~> 
C5 — C4 — C3 


1 1 A 1 (A \ 

ny.3 (4) 


PC P A \J A 

C5 — C4 H4 


12U.3 


pi P/l xj/l 
C3 — C4 H4 


1 i/i i 
12U.3 


xrl pc p/i 

JN 1 — CD — C4 


111 1 /IN 

122.1 (3 ) 


Ml pc P£ 

JN 1 — CD — Co 


1 1 C 7 /H 

11 j. / (3) 


p/i pc p/: 
C4 — C5 — Co 


111 i /i\ 
122.2 (3) 


\n p/r p-7 

JN2 — Co — C/ 


111 A /II 

122.U (3) 


XT') p/r pc 

JNz — Co — Cj 


1 1 /r 1 /1\ 

1 10.3 (3 ) 


P"7 P/: pc 

C/ — Co — C5 


111 n tl\ 
ili.l (3) 


P£ f^H po 

Co — C / — Co 


1 1 A A /IN. 

i iy.y (3 j 


p/: p"7 ui 
Co — C / — H 1 


1 1A 1 

12U.1 


po r"7 u*7 
Co — C / — Jri / 


1 i/i 1 
12U.1 


pa po p"7 
CV — Co — C / 


1 1 l.b (3) 


pa po n o 

cy — Co — c i o 


111 1 /IN 

121.3 (J) 


p"7 po n o 
C/ — Co — Clo 


111 1 /7\ 

121.1 (3) 


po pa nn 

Co — cy — c i o 


lid n /n 

ny.y (3) 


po pa tja 

Co — cy — Hy 


i i/i i 

12U.1 


pia pa un 

c i o — cy — m 


1 i/i 1 
12U.1 


XT'") nn pa 

jn2 — cio — cy 


111 o /IN 

121.0 (3) 


JN2 — CIU — CI 1 


1 1 / 1 /IN 

110.3 (3) 


p 1 a pi i 

cy — ciu — en 


111 n /il 
121.y (3) 


\n n i PIT 

JN3 — Cll — C12 


i ii i /in 
122.1 (3) 


mi n i p i a 
JN 3 — Cll — CIU 


i k t ni 
11 j. / (3) 


P 1 1 P11 p 1 A 

CI 2 — Cll — CIU 


111 i /ii 
122.2 (3) 


P11 PIT PIT 

CI 1 — C12 — C13 


1 1 A A /I N 

ny.y (i) 


P11 P 1 1 U1 1 

CI 1 — C12 — H12 


1 1A 1 

12U.1 


p 1 1 pit un 
C13 — C12 — H12 


1 i/i 1 
12U.1 


pi/t p 1 1 rn 
C14 — CI 3 — C12 


1 1 O A //l\ 

11 0.0 (4) 


pi/i pit un 
C14 — C13 — tili 


111 A 

121. U 


C12— C13— H13 


121.0 


C15— C14— C13 


119.2 (4) 


C15— C14— H14 


120.4 


C13— C14— H14 


120.4 


N3— CI 5— C14 


124.0 (4) 


N3— CI 5— HI 5 


118.0 



CZ4 — UZ — Y b 1 


lio. / (3) 


C2V — U3 — Y b 1 


131.4 (3) 


r\A VU1 

CZ/ — U4 — Ybl 


133.3 (3) 


Y Dl — Uj — rljA 


125.(4) 


Ybl — Uj — hljr> 


1ZU.(4) 


IIC A r\c I KD 

rljA — Uj — riJii 


111 

113.(5) 


C31 — Uo — hlo 


1 AO ^ 

luy.j 


r\ c vu i 

Uj — Ybl — U4 


1 A 1 11 / 1 A\ 

1U1.21 (1U) 


/"i C V C 1 /"i 1 

Uj — Ybl — <J1 


1 A Q 11 /1 A\ 

145.1 1 (1U) 


( \ A \/ C 1 /"l 1 

U4 — Ybl — <J1 


A1 CO /1 A\ 

y2.5o (1U) 


(\r VU 1 /"vi 

Uj — Ybl — UZ 


1/1111 /111 

142.31 (11) 


U4 — Y b 1 — UZ 


"70 CI /1 A\ 

/0.53 (1U) 


/"i 1 V C 1 /"M 

Ul — Ybl — UZ 


"71 /;/; /a\ 
/1.00 (y) 


(\c VU 1 

Uj — Ybl — Uj 


"71 OA /1 A1 
/3.0U (1U) 


U4 — Ybl — Uj 


HA 1/1 /1 AA 

/4.24 (1U) 


Ul — Ybl — Uj 


1/11 AO /A\ 

141 .uo (y) 


UZ — Ybl — Uj 


/;a OA /A\ 

oy.sy (y) 


(\Z VU 1 "\T1 

Uj — Ybl — JNZ 


"7A AC /A\ 

/y.us (y) 


r\A VU 1 ATT 

U4 — Y ul — JNZ 


1 /II Q"7 /1 (\\ 

143. y / (1U) 


( \ i VU 1 "\T1 

Ul — Ybl — JNZ 


"7 1 lO /A\ 

/1.2s (y) 


( \~) VU 1 ATT 

UZ — Y bl — JNZ 


1 11 AA /A\ 

122. yy (y ) 


r\i vu 1 mi 
U3 — Ybl — JNZ 


1 1 "7 CI / 1 A\ 

13 /.52 (1U) 


(~\ Z VU 1 Ml 

Uj — Ybl — JN 1 


07 CO /I 1 A 

o /. jy (ii) 


s^.A VU 1 Ml 

U4 — Ybl — JN 1 


1 A A 1 A / 1 A\ 

i4y.iu (iu) 


( \ i VU 1 M 1 

Ul — Ybl — JN 1 


a/; O/l /I A\ 

yo.o4 (iu) 


r\"> vu 1 mi 
UZ — Ybl — JN 1 


"7/: /;o /1 a\ 
/O.OO (IU) 


f\1 VU 1 M 1 

Uj — Ybl — JN 1 


OA AO /1 A\ 

oU.Uo (IU) 


"\ T1 VU 1 M 1 

JNZ — Ybl — JN 1 


/;/; ca /1 a\ 

oo. sy (IU) 


/"\ c VU1 XT'} 

Uj — Ybl — JN3 


"7/; io /ill 
/0.2o (11) 


/~\ A VU 1 "N.T"? 

U4 — Ybl — JN3 


"70 C A /1 AN 

78.64 (10) 


Ol— Ybl— N3 


75.27 (9) 


02— Ybl— N3 


138.51 (10) 


03— Ybl— N3 


134.26 (9) 


N2— Ybl— N3 


66.31 (9) 


Nl— Ybl— N3 


132.23 (9) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

05— HSB-Cll* 0.75 (4) 2.31 (4) 3.054 (3) 175.(5) 

06— H6-C11 0.83 2.27 3.102 (3) 177. 
05— H5A-N4" 0.78 (4) 1.92 (4) 2.686 (4) 167.(5) 
Symmetry codes: (i) x+l,y, z; (ii) x, y+l,z. 
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